We sought to review the dysphagia-related outcomes and quality of life in a series of patients with upper esophageal sphincter (UES) dysfunction treated with cricopharyngeal (CP) botulinum toxin (BTX) injection, and to identify patient characteristics or CP muscle histologic features that predict efficacy of BTX injection. Methods: A retrospective chart review was performed on patients with UES dysfunction who underwent CP BTX injection. Dysphagia-related quality-of-life questionnaires based on the Eating Assessment Tool (EAT-10) were mailed to patients. Results: Forty-nine patients (30 female, 19 male; average age, 59 ± 16 years) with UES dysfunction have been treated at our institution with CP BTX injection since 2000. Seventeen of these patients also underwent CP myotomy. Injections of BTX were occasionally repeated after the treatment effect subsided, and the BTX dose varied widely (average, 39 ± 19 units). Improvement in symptoms was noted by 65% of patients. The overall complication rate was minimal, although many patients complained of transient worsening of dysphagia after CP BTX injection. Biopsy specimens of the CP muscle were evaluated in the subset of patients with CP BTX injection who proceeded to myotomy, with results of neuropathic, myopathic, and mixed histologic subtypes. The EAT-10 scores demonstrated a general trend toward improved swallowing outcomes after CP BTX injection. Conclusions: This study reviewed findings from the largest published series of BTX treatment of UES dysfunction and evaluated the efficacy, patient satisfaction, and complications of this procedure. Dysphagia-related quality-of-life outcomes appear to be improved after CP BTX injection.
Dysphagia associated with cricopharyngeal (CP) muscle dysfunction has a significant impact on overall patient quality of life. The oropharyngeal swallowing mechanism is a complex orchestration of multiple coordinated movements, eventually leading to the active relaxation of the CP muscle to allow bolus propagation through the upper esophageal sphincter (UES) and into the cervical esophagus. The CP muscle is therefore often a target of surgical interventions for dysphagia, including bougie or balloon dilation, myotomy, and chemodenervation by treatment with botulinum toxin (BTX). Dilation of the UES is often effective and of low risk, but also has a short clinical effect. Trans cervical myotomy of the CP muscle is effective in treating CP dysphagia, but has significant risks of infection, salivary fistula formation, and recurrent laryngeal nerve injury. 1, 2 Endoscopic laser CP myotomy was described by several authors in the early 1990s, with evidence of successful treatment in multiple patient series. 3 Cricopharyngeal myotomy improves UES opening, but will not alter pharyngeal muscle contractile forces, and therefore may not benefit every patient with CP dysphagia. 4 Injection of BTX into the CP muscle to treat dysphagia was first described in 1994 by Schnei der et al, 5 in a series of 7 patients, as an alternative treatment to the moreinvasive myotomy procedures. Botulinum toxin inhibits the tonic and active contraction of muscles by inhibiting the release of acetylcholine across the neuromuscular junction; therefore, it will primarily benefit patients with hypertonicity of the UES and a retained ability to complete pharyngeal bolus formation. 6 Cricopharyngeal injection of BTX has distinct appeal in patients who are not ideal candidates for longer general anesthesia or in whom the temporary nature of BTX injection is warranted. It may be advantageous to pursue CP injection of BTX in patients in whom multilevel dysphagia is suspected and in whom the clinician suspects that there may be some detriment to treatment directed at the UES. Ad-ditionally, CP injection of BTX is a diagnostic tool used by clinicians to identify patients who may potentially benefit from CP myotomy. 7 Because the CP muscle is often the target of interest for these treatments, there has also been some investigation of this muscle for further characterization. The CP muscle is a truly unique muscle that is composed of striated muscle fibers that are predominantly slow-twitch (type I), as opposed to fast-twitch (type II). Innervation for this muscle is generally believed to be from the pharyngeal plexus, which has contributions from the vagus nerve (both the recurrent and superior laryngeal nerves), the glossopharyngeal nerve, and sympathetic nerve fibers from the cervical ganglia. 8 Few studies have evaluated the muscle fiber subtype histology of the CP muscle, but it appears to have a unique ade nosine triphosphatase staining pattern indicating the highly oxidative nature of the tissue. This feature is more characteristic of fetal musculature than of adult striated muscle 9 and allows maintenance of basal tonicity, with occlusion of the esophageal lumen at rest and relaxation during swallowing to allow passage of the food bolus. 8 Dysphagia can result from failed relaxation or hypertrophy of the CP muscle and/or altered coordination between pharyngeal peristalsis and opening of the UES. 4 Alterations of the muscle histology could potentially impact CP muscle function; in addition, BTX injection may potentially have an impact on the muscle itself. Since the initial introduction of BTX injection for dysphagia, several authors have published their experience with BTX for the treatment of CP dysfunction.
A review of the literature identified 20 studies that focused on the use of CP injection of BTX, dating back to 1994 (Table 1) . [5] [6] [7] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] Only 2 series were of more than 20 patients; the majority of articles presented either case reports or limited series of 10 or fewer patients. The largest study included 34 patients. The causes of CP dysfunction in these published series encompassed numerous diagnoses, including neurologic diseases such as Parkinson's disease, multiple sclerosis, diabetic neuropathy, external-beam radiation treatment, cerebrovascular accident, and others. The dosages and administration techniques of BTX were also quite variable. There were also different types of BTX type A administered: Dysport (Ipsen, Paris, France) and Botox (Allergan, Irvine California). The Dysport doses delivered to the CP muscle ranged from 60 to 180 units (U), and the Botox doses ranged from 4 to 120 U. The techniques for administration of BTX to the CP muscle included endoscopic injection under general anesthesia or mask ventilation, percutaneous injection with or without electromyographic guidance, and injection via flexible endoscopy. In general, the majority of patients reported improved swallowing function: approximately 75% in combined analysis. Complications reported in the literature were infrequent and included transient vocal fold paresis, temporary worsening of dysphagia, neck cellulitis, and aspiration pneumonia. There were no reported deaths in the literature that were directly related to CP injection of BTX. On the basis of this review, CP BTX injection appears to be effective in patients with UES dysfunction.
We hypothesized that CP BTX injection was a useful treatment for dysphagia in patients with UES dysfunction and that the identification of patientrelated clinical factors and CP muscle histology of patients who respond to CP BTX injection may be used in the decision to perform this intervention. We report a series of 49 patients who received injections of Botox into the CP muscle -the largest patient series in the literature to date. We used a customized version of the Eating Assessment Tool (EAT-10) dysphagia-related quality of life instrument to retrospectively assess patient satisfaction with CP injection of BTX at a single institution (Fig 1) . We demonstrated that CP injection of BTX is a relatively safe, well-tolerated treatment for dysphagia related to CP dysfunction, with good efficacy in the majority of patients, and that further work is needed to define the population of patients who might have a poor response to BTX.
METHODS

Patient Selection and Chart
Review. The Institutional Review Board of the Medical College of Wisconsin approved this study. Institutional surgical databases were searched to identify CPT codes of eligible patients. All patients who had undergone injection of BTX type A (Botox) into the CP muscle to treat dysphagia since January 1, 2000, were identified. The inclusion criteria for this study were age greater than 18 years, ability to speak English, available telephone number or postal address, and a documented history of CP dysphagia based on clinical history with supporting radiographic or manometric evidence of UES dysfunction. Patients were excluded from the study if they were noted to have extrinsic compression of the esophagus and/or pharynx, intraluminal disease such as tumor or esophageal web, Zenker's diverticulum, or a history of total laryngectomy. A subgroup of 17 patients who underwent both BTX injection and CP myotomy was also included in the study.
A retrospective chart review was performed on the patients who met the inclusion criteria. Electronic medical records were reviewed to collect demo- 
Effectiveness of Surgery for Swallowing Disorders Survey
Patient Name:
Date of Birth:
Part 1: Please answer the following questions to the best of your memory regarding your swallowing function BEFORE you had your surgery on your throat:
1. How long did you have difficulty swallowing before you had a procedure to treat it? Please estimate in months. To what extent were the following a problem for you AFTER surgery?
My swallowing problem causes me to lose weight. graphic information, clinical history, preprocedure diagnostic study results, procedure details, postprocedure diagnostic study results, and outcomes.
Dysphagia Outcomes Survey. Identified patients were mailed a retrospective questionnaire based on a validated dysphagia-related quality-of-life instrument, the EAT-10, 27 and asked to comment on the dysphagia symptoms they had before and after the intervention (Fig 1) . If no response was received to the mailed survey, the patients were contacted by telephone and the questionnaire was completed by interview.
Cricopharyngeal Muscle Histopathology. The patients who underwent CP myotomy in addition to the BTX injection routinely had a biopsy of the CP muscle performed at the time of the myotomy. The CP muscle specimens were processed and stained in the Medical College of Wisconsin Nerve and Muscle Laboratory by previously described methods. 28 The specimens were interpreted by a neurologist with fellowship training in neuromuscular pathology (S.S.J.) and were classified as showing predominantly neurogenic, myopathic, or mixed neurogenic and myo pathic changes in accordance with previously detailed criteria. 9, 28 Statistical Analysis. Patient subgroup analysis was performed with Student's t-test, Fisher's exact test, or χ 2 analysis, with the level of significance (p) set at 0.05. Data are presented as average values with standard deviation or data range where appropriate.
RESULTS
Patient Demographics and Characteristics. Fortynine patients underwent CP BTX injections to treat dysphagia at our institution over the 12-year period between 2000 and 2012 ( Table 2) , including 19 men and 30 women. Thirty-two (65%) of these patients were treated exclusively with BTX injection. Of the subgroup of 17 patients (35%) who underwent CP myotomy at some point during their treatment, 11 (64%) proceeded to CP myotomy because they had beneficial effects from the BTX injection and desired a more permanent treatment. Two patients underwent CP myotomy initially and after a return of symptoms proceeded to BTX injection for both diagnostic and therapeutic purposes. One patient had the BTX injection and CP my otomy performed at that same time in an attempt to enhance the effect of the myotomy. Three patients had minimal to no improvement with the BTX injection and proceeded to CP myotomy as a different treatment option.
The mean age at the time of the first injection was 59 years (range, 27 to 91 years). Many patients had severe levels of swallowing dysfunction, including 7 patients with feeding tubes in place and 5 patients with a history of aspiration pneumonia before intervention. Esophageal dysmotility was documented on swallow study or esophageal manometry in 12 of the 49 patients (24%) before injection. Twenty of the 49 patients (40%) had esophageal manometry performed before injection. Of these studies, 16 (80%) demonstrated impaired or shortened dilation of the UES and/or disrupted coordination of the swallow and UES relaxation, 2 demonstrated a hypertensive UES, 1 was normal, and 1 was referenced as "abnormalities of UES." Forty-five of the 49 patients (92%) had preintervention videofluoroscopic swallow studies, all of which revealed some element of UES dysfunction. Eight study reports made direct reference to some component of pharyngeal dysphagia in addition to UES dysfunction. There were 15 patients with prior head and neck surgical procedures for issues other than dysphagia, and 4 patients with a history of head and neck irradiation. The potential causes of the CP dysphagia varied widely in this group, including cranial nerve neuropathy, prior spinal surgery, cerebrovascular accident, multiple sclerosis, prior chemotherapy and cervical radiation treatment, prior tracheostomy, traumatic brain injury, and idiopathic CP hypertrophy. Nearly half of the patients (24 of 49; 49%) had some history of neurologic dysfunction before the first injection, although only 2 patients had a history of stroke. Eight of these 49 patients (16%) are now deceased.
Clinical Utilization and Response to Intervention. A total of 62 BTX injections were administered during the studied time period to our identified group of 49 patients, and all patients received BTX type A (Bo tox). Five patients received a total of 2 BTX injections, and 4 patients received a total of 3 BTX injections. The BTX was generally diluted into 0.4 to 0.5 mL total volume of sterile saline solution (final concentration, 20 to 25 U per 0.1 mL). The aver-age dose of BTX was 39 U, but the range of dosages was wide (15 to 100 U). The reasoning for the use of certain dosages was not entirely specified. The BTX was injected either by a transcutaneous technique in the clinic with electromyographic guidance or by direct suspension laryngoscopy to identify the horizontal component of the posterior belly of the CP muscle under direct visualization. The complication rate was low; only 16 patients (33%) reported mild side effects or minor complications, and there were no severe complications or deaths. The patients with mild complications included 2 who had episodes of nonspecific postoperative chest pain or tightness, with a negative workup for further cardiac or acute cause after injection, and 1 who reported worsened upper airway congestion. The remainder of the reported complications were temporary mild worsening of dysphagia, belching, increased mucus production, and worsening of reflux. These symptoms typically resolved after several weeks. One patient had worsening of dysphagia and required hospitalization for intravenous administration of fluids.
Overall, 32 of 49 patients (65%) indicated some improvement in swallowing function during their follow-up clinic visit. This improvement was noted from clinical documentation and/or posttreatment videofluoroscopic swallow study. Post hoc subgroup analysis was performed in an attempt to associate response to CP injection of BTX with multiple identified patient history parameters, including age, history of reflux, history of previous irradiation, history of head and neck surgery, history of documented esophageal motility disorders, history of previous documented neurologic or neurodegenerative condition, and history of stroke. None of these parameters reached statistical significance on further analysis (Fisher's exact test).
Cricopharyngeal Muscle Histopathology. Cricopharyngeal myotomy was performed in 17 patients: 13 via a transcervical approach and 4 via endoscopic transoral carbon dioxide laser-assisted CP myotomy. Fourteen patients underwent the CP myotomy after BTX injection, 2 patients had CP myotomy before the injections, and 1 patient had the CP myotomy and injection concurrently. Cricopharyngeal muscle specimens were submitted for histopathologic analysis from 14 (82%) of these patients (both transcervical and endoscopic procedures). Three patients demonstrated patterns of generalized neuropathy (fiber type grouping), 7 demonstrated generalized myopathic findings, and 4 had mixed histologic findings. The 2 patients who had the BTX injection after the CP myotomy had myopathic and mixed histologic features noted on biopsy specimens. Representative examples of CP muscle histopathologic Dysphagia-Related Quality-of-Life Survey. Patients' answers on the dysphagia-related quality-oflife questionnaires were analyzed, and the results are displayed in Fig 3. A total of 28 patients responded to the mailing or follow-up telephone call and completed the questionnaire (57%). Eighteen patients who had BTX injection only completed the survey, and 5 patients who had BTX injection and CP myotomy completed the survey. The average EAT-10 score before any of these interventions was 28 ± 8 ( Fig 3A) -a level that is equal to the levels of dysphagia seen in head and neck cancer populations. 27 All interventions (CP BTX injection and both CP myotomy and CP BTX injection) trended toward similar improvements in EAT-10 scores, although because of the extreme variation in patient responses, no statistical significance was attained (Student's t-test, p > 0.05). Eleven of the 18 patients (61%) who underwent treatment with BTX reported some subjective improvement in swallowing function on our survey analysis -close to the 65% with improvement noted on the clinical records ( Fig 3B) . Four of the 5 patients (80%) who had treatment with BTX and later underwent CP myotomy indicated eventual improvement in their dysphagia. The majority of respondents indicated that they would re- 
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peat BTX treatment (55%) or CP BTX injection and myotomy (80%).
DISCUSSION
Dysfunction of the UES can arise from a wide variety of causes, and the care of this disorder is also very diverse. The current operative management of UES dysfunction is quite variable, and there are little data to support the relative superiority in outcomes of one intervention over another. Injection of the CP muscle with BTX has been performed by many clinicians since its initial description in 1994. 5 In addition, there is no significant risk of mediasti nitis or infection after CP BTX injection, as evidenced by our patient series and review of the literature. Unfortunately, there are no standardized techniques or protocols for administration of CP BTX. In this report, we present findings from 49 patients in an attempt to clarify the role and efficacy of CP BTX injection in management of UES dysfunction. No clear trends were identified to predict who would benefit from CP injection of BTX, but the procedure appears to be well tolerated, with minimal side effects.
This report is the largest series to date of patients who received CP injection of BTX for treatment of UES dysfunction. Of the 49 patients included in the study, 65% had some improvement after treatment with BTX. This overall rate of improvement seems to correlate to the 61% improvement rate noted in our post hoc survey analysis of this same patient population, and to the 75% rate of success in the literature. It should be noted that the degree of improvement in swallowing function varied significantly among our patient population, and this variability is also seen in the literature. It remains difficult to discern those who may not benefit from treatment with BTX on the basis of our data analysis and review of the literature. The dosage of BTX varies in our single tertiary care center, as it does among the various case reports in the literature. The decision-making process for each specific dose for patients is not entirely described in clinical records, but overall trends in our practice demonstrate an increasing dose profile over time.
Patient survey questionnaires provided additional subjective data regarding the efficacy of CP injection of BTX in our population. In the initial validation of the EAT-10 instrument by Belafsky et al, 27 patients with oropharyngeal dysphagia had an average EAT-10 score of 23 ± 12 and those with a history of head and neck cancer had an average score of 22 ± 14. Our series of patients with CP dysphagia had a similar recalled preoperative average baseline EAT-10 score of 28 ± 8, demonstrating the power and utility of this dysphagia-related quality-of-life instrument in dysphagia outcomes research. Both treatment subgroups (BTX injection and both BTX and CP myotomy) in our study had significant improvements in modified EAT-10 scores after their treatment. The retrospective nature of our survey certainly induced bias in the measurement of surgical treatment outcomes, but it is encouraging to note that both of these treatments for surgical dysphagia have perceived patient benefit. Patients also generally benefited from my otomy if they noted improved swallowing with BTX injection. Additionally, we have now integrated the EAT-10 questionnaire into our clinical practice and have each dysphagia patient complete this questionnaire at clinic visits.
Several prior studies have attempted to investigate 10, 14, 22, 26 Consideration for a second injection under direct visualization should be entertained in those patients who initially fail to demonstrate symptom improvement after the first injection. Patients who continue to have dysphagia despite intervention may have a prolonged transition between the oral and pharyngeal stages of swallowing, further suggesting a role for electrophysiological evaluation. 25 This evaluation may identify the component of altered coordination and patients who would not benefit from CP BTX injection.
Although there has not been any identified correlation between the cause of the dysphagia and the efficacy of CP BTX injection, further investigation of CP muscle histopathologic features may provide information on the relationship between muscle function and subsequent treatment response. The histopathologic nature of the CP muscle is the subject of some debate in the published literature. In a previous study, 28 we compared CP muscle specimens of patients who had undergone prior BTX injection to control specimens (patients with no prior history of BTX injection who were undergoing CP myotomy) and noted an increased incidence of neuropathic or mixed changes in patients with prior BTX injection, although this was not statistically significant. Zaninotto et al 17 noted that CP muscle specimens after BTX injection demonstrated a more fibrotic phenotype. Although analysis of muscle fiber composition in small studies has not demonstrated clear trends, findings from our group suggested that relative myogenic and neurogenic histopathologic patterns in CP muscle specimens may predict response to BTX injection. 30 In the current patient series, the group of patients who underwent treatment with BTX before myotomy did not demonstrate a clear predominance of any specific pathologic subtype on CP muscle analysis. The sample sizes from both studies are unfortunately too small for us to draw generalized conclusions regarding this trend, and further study is required to clarify this relationship. Understanding the neuromuscular and histopathologic patterns underlying CP muscle dysfunction may provide better clinical ability to predict response to specific treatments in the future.
There were minimal complications in our patient series, and no life-threatening issues or deaths were associated with BTX treatment. The most common complaint in our series was temporary worsening of dysphagia, often associated with increased belching or reflux sensation. The cause is likely induced muscle weakening of the UES after injection, and may perhaps suggest proper localization of the injection. Patients seem to recover from this symptom after several weeks and often experience beneficial effects of BTX at that time. One of our patients required hospitalization for intravenous fluid hydration due to this worsening dysphagia. Another patient with severe multifactorial dysphagia eventually underwent gastrostomy tube placement due to ongoing lack of response to both CP BTX injection and endoscopic CP myotomy. There were no episodes of vocal fold paresis in our series, but it has been documented previously. 10 These results are reassuring that BTX injections are in fact not excessively invasive and that they have few side effects and no major complications.
In 65% of this patient series, CP BTX injection was effective in the treatment of UES dysfunction. Our ability to predict which patients will respond to CP BTX is still evolving because of the multifactorial causes of CP dysfunction and dysphagia. Because it is difficult to identify patients who may not respond well to the intervention, a trial of CP BTX injection is currently the only way to determine which patients will benefit. Our data suggest that patients who do respond will have improved quality of life and nutritional status with minimal associated risks from this procedure. Cricopharyngeal electromyography was not routinely performed in our patient series; however, it may provide additional information on pharyngeal and UES function before intervention. This information and additional histopathologic information may lead to identifying ideal candidates for CP BTX injection. Further research is needed to further define the utility of preoperative CP electromyography and postoperative CP muscle histopathologic analysis in the management of patients with CP dysfunction.
